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DECI S| ON ON APPEAL

This is a decision on an appeal under 35 U. S.C. § 134

fromthe examner’s final rejection of clains 1 through 18 and

' M. Carl A Forest argued for the appellants before
this panel in a tel ephonic hearing conducted on the date
not ed.
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28, which are all the clains pending in the subject
appl i cation.

Clains 1 and 14 are illustrative of the clainms on appeal
and are reproduced bel ow

1. A method of making an integrated circuit
capacitor, said nethod conprising the steps of:

formng a netal nitride barrier |ayer having a
t hi ckness;

annealing said netal nitride barrier layer in a
barrier anneal step having a maxi mum tenperature
derived as a function of said thickness, said
function including any value within a range one-
hundred degrees greater than a |ine defined by the
poi nts (700EC, 1000 D) and (800EC, 3000 D), said
maxi mum t enper at ure being at | east 675EC

then, after said above steps, formng a first
el ectrode; thereafter

formng a dielectric layer on said first
el ectrode; and thereafter

form ng a second el ectrode on said dielectric
| ayer.

14. A nethod of meking an integrated circuit
capacitor, said nethod conprising the steps of:

formng a layer of titanium

formng a layer of titaniumnitride on said
| ayer of titanium

annealing said titaniumand titaniumnitride
| ayers in a barrier anneal step having a maxi mum
tenperature derived as a function of said thickness,
said function including any value within a range
one- hundred degrees greater than a |ine defined by
t he points (700EC, 1000 D) and (800OEC, 3000 D), said
maxi mum t enper at ure being at | east 675EC

then, after said above steps, formng a first
el ectrode; thereafter
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formng a dielectric layer on said first
el ectrode; and thereafter
form ng a second el ectrode on said dielectric
| ayer.
The subject matter on appeal relates to a nethod of
maki ng an integrated circuit capacitor. In the clained
met hod, a netal nitride barrier layer (e.g., a titanium
nitride layer, claim14) is deposited. Then the netal nitride
| ayer is annealed in a barrier anneal step having a maxi mum
tenperature derived as a particular function of the thickness
of the deposited netal nitride layer. Specifically, the
maxi mum anneal tenperature function includes any value within
a range one hundred degrees greater than a |ine defined by the
poi nts (700EC, 1000 D) and (800EC, 3000 D), provided that the
maxi mum anneal tenperature is at |east 675EC. After
annealing, a first electrode, a dielectric layer on the first
el ectrode, and a second el ectrode on the dielectric |ayer are
formed. According to the appellants, anneal conditions
out side the clai med maxi num t enperature range produce poor

nor phol ogy in the formof surface irregularities, such as

hill ocks and porosity, which can cause shorting or degrade
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performance in dielectric capacitor devices. (Appeal brief,
page 4.)
As evidence of unpatentability, the exam ner relies upon

the followi ng prior art references:

Lar son 5, 005, 102 Apr. 2,
1991

Ho et al. (Ho) 5,175, 126 Dec.
29, 1992

Also, we cite the follow ng new prior art reference in a
new ground of rejection:
Scott et al. (Scott) 5,514, 822 May 7
1996
(filed Cct. 6, 1993)
Appeal ed clainms 1 through 18 and 28 stand rejected under

35 U.S.C. 8 103 as unpatentable over Larson in view of Ho.

Upon consi deration of the entire record, we agree with
the appellants that the aforenentioned rejection is not well
founded. Accordingly, we reverse the examner’s rejection.
However, pursuant to 37 CFR 8§ 1.196(b) (1997), we enter two
new grounds of rejection.

In considering the examner’s rejection, we need to

address only clainms 1 and 14, the independent clains. Iln re
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Fine, 837 F.2d 1071, 1076, 5 USPQ2d 1596, 1600 (Fed. G r
1988).
Under 35 U.S.C. 8§ 103, the initial burden of establishing

a prima facie case of obviousness rests on the examner. |n

re Piasecki, 745 F.2d 1468, 1471-72, 223 USPQ 785, 787-88

(Fed. GCir. 1984). In this case, it is our determnation that
the exam ner has not net the initial burden of proof.

Larson describes a nmethod for formng a multil ayer
capacitor structure in an integrated circuit. (Colum 1,
lines 33-35.) In particular, Larson teaches an enbodi nment in
whi ch the structure conprises a bottom el ectrode 114 havi ng
three layers (titaniumlayer 120, titaniumnitride |ayer 124,
and platinumlayer 126) over a substrate 112, a dielectric
| ayer 116, and a top electrode 118 conprising three additional
| ayers (platinumlayer 130, titaniumlayer 132, and al um num
| ayer 134). (Figure 2; colum 3, line 34 to colum 4, |ine
28.) According to Larson, the titaniumnitride |ayer 124 has
a thickness of approximately 0.1

m cron (1000 D) and serves, inter alia, as a diffusion barrier

layer. (Colum 3, lines 46-52.) Further, Larson states that
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the platinumlayers 126 and 130 can function as el ectrode
plates.? (Colum 3, lines 54-55; colum 4, lines 9-10.)

Regardi ng the steps for nmaking the structure, Larson
teaches that the structure is constructed in an evacuation
chanber, preferably in two separate evacuati ons or “punp
downs,” wherein the bottomel ectrode and the dielectric |ayer
are constructed during the first punp down and the top

el ectrode is constructed during the second punp down. (Col umm

3, lines 26-32.) Also, Larson states that various “known
techni ques,” including but not limted to sputtering, can be
used for depositing each of the layers. (Colum 4, lines 28-
36.)

The exam ner admts that Larson “fails to teach annealing
the titaniumtitaniumnitride |ayers, i.e. barrier |ayers,
before depositing the dielectric and second el ectrode[s].”
(Exam ner’s answer, page 4.) In addition, we note that Larson

| acks any teaching as to the nmaxi num anneal tenperature-

2 The appellants’ specification states that platinumis
one of the preferred materials for the electrodes. (P. 6, II.
23-25.)
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barrier layer thickness function as recited in appeal ed cl ains

1 and 14.

To account for this difference, the exam ner relies on
Ho. However, we share the appellants’ view that the relied
upon portion of Ho's teachi ng does not provide any teaching,
notivation or suggestion for one of ordinary skill in the art
to nodify the method described in Larson so as to arrive at
t he appel l ants’ cl ai med net hod.

Specifically, Ho describes a prior art process involving
the use of rapid thermal annealers (RTAs) for inproving the
integrity of a barrier layer of titaniumnitride sputtered
onto a substrate, wherein the substrate is processed in a RTA
at about 800EC to 900EC in nitrogen for 30 to 60 seconds.
(Colum 3, lines 13-19.) However, Ho al so teaches that this
prior art method is not “production worthy” and suffers from
many probl ens including “nunmerous equi pnent failures” and
“greater potential for warping substrates .” (Colum 3, lines
26-49.) According to Ho, RTAs are primarily used in limted
production nodes, such as research and devel opnent. (Colum

3, lines 49-51.)
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However, as pointed out by the appellants (appeal brief,
page 9), Ho is silent on the relationship between the maxi mm
anneal ing tenperature for the prior art RTA nethod and the
t hi ckness of the titaniumnitride |ayer that is sputtered onto
the substrate. Although the appellants have not really
di sputed the exam ner’s contention that “it is well known in
the art that
t he annealing tenperature of any coating is a function of many
‘cause effective variables’ including thickness” (appeal
brief, page 11; exam ner’s answer, page 7), the exam ner has
not presented any evidence to establish that the prior art RTA
met hod di scussed in Ho woul d be applicable for all barrier
| ayer thicknesses (e.g., a titaniumnitride barrier |ayer
t hi ckness of 0.1 mcron (1000 D) as described in Larson) or
for all structures (e.g., a capacitor as described in Larson).
Moreover, we agree with the appellants that the prior art

references, as applied by the exam ner, teach away fromthe

appel lants’ clained invention. A prior art reference teaches
away if one of ordinary skill in the art, upon reading the
reference, would have been (i) discouraged fromfollow ng the
path set out in the reference or (ii) led in a direction

8
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di vergent fromthe path that was taken by the applicants. |In
re Gurley, 27 F.3d 551, 553, 31 UsPQ@d 1130, 1131 (Fed. Cir
1994).

Here, we observe that Ho describes nmany problens with
prior art annealing nethods that involve RTAs, even going as
far to say that prior art RTAs “are not production worthy.”
(Colum 3, lines 26-27.) Based on this disclosure, it is our
opi nion that one of ordinary skill in the art would have been
di scouraged fromusing the prior art RTA nethods described by
Ho. Accordingly, we see no reason why one of ordinary skil
in the art would have conbined Ho's teaching regardi ng prior
art RTAs with the teaching of Larson to arrive at the
appel l ants’ cl ai nred net hod.

For these reasons, we reverse the exanmner’s rejection of
clainms 1 through 18 and 28 under 35 U. S.C. 8§ 103 as
unpat ent abl e over Larson in view of Ho.

New Grounds of Rejection

We enter the foll ow ng new grounds of rejection pursuant

to 37 CFR § 1.196(b).?

3 Although our discussionis |limted to appealed clains 1
and 14, the exam ner and the appellants shoul d consider the

9
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Appeal ed clainms 1 and 14, which are representative of al
t he appeal ed clains, are rejected under 35 U.S.C. § 103 as
unpat ent abl e over the conbi ned teachings of Larson and Ho.
Simlarly, appealed clains 1 and 14 are rejected under 35
U S.C 8§ 103 as unpatentable over the conbi ned teachi ngs of
Scott and Ho.

We start by anal yzing the scope of the appeal ed cl ai ns.

Gechter v. Davidson, 116 F.3d 1454, 1460 n.3, 43 USPRd 1030,

1035 n.3 (Fed. Cr. 1997); In re Paulsen, 30 F.3d 1475, 1479,

31 USPQ2d 1671, 1674 (Fed. Cir. 1994). It is axiomatic that
in proceedings before the U S. Patent and Trademark O fi ce,
cl ai ns

are interpreted by giving words their broadest reasonable

meani ngs in their ordinary usage, taking into account the

witten description found in the specification. 1n re Mrris,
127 F.3d 1048, 1054, 44 USPQ2d 1023, 1027 (Fed. Cir. 1997); ln
re Zletz, 893 F.2d 319, 321-22, 13 USPQ2d 1320, 1322 (Fed.

Gir. 1989).

new grounds of rejection on a claimby-claimbasis. |If
necessary, the exam ner should enter additional new grounds of
rejection on any or all the dependent clains.

10



Appeal No. 1998-1578
Appl i cation No. 08/543, 827

Appeal ed clains 1 and 14 recite in part:

annealing said netal nitride barrier layer in a
barri er anneal step having a nmaxi numtenperature
derived as a function of said thickness, said

function including any value wthin a range one-

hundred degrees greater than a |ine defined by the

poi nts (700EC, 1000 D) and (800EC, 3000 D), said

maxi mum t enper at ure being at | east 675EC
Al t hough appealed clains 1 and 14 recite a naxi mum anneal i ng
tenperature as a function of the thickness of the barrier
| ayer, these clains do not place any limtation on any nininmum
anneal i ng tenperature. Thus, giving the words of the above
recitation their broadest reasonable interpretation, one of
ordinary skill in the art woul d have understood appeal ed
clainms 1 and 14 to cover any annealing tenperature bel ow the
recited maxi mum anneal tenperature (e.g., 300 to 650EC).

This interpretation of appealed clains 1 and 14 is
consistent wwth the witten description found in the
specification including the dependent clainms. |In particular,
we observe that a preferred annealing tenperature is described
in the specification as including a tenperature as | ow as
650EC,
which is well below the |ine defined by the points (700EC,
1000 D) and (800EC, 3000 D). (Page 7, lines 9-11; page 13,

11
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lines 13-14; appealed clains 6 and 15) Thus, it is clear that
the line defined by the points (700EC, 1000 D) and (800EC,

3000 D) is being used in appealed clains 1 and 14 to limt the
maxi mum anneal i ng tenperature as a function of thickness, not
to define any m ni num anneal i ng t enperature.

It is true that the specification describes a “base
barrier anneal tenperature” that “varies from about 700EC for
an effective barrier thickness of about 1000 D to about 800EC
for an effective barrier thickness of about 3000 D.” (Page
14, lines 12-17.) However, this feature is described as a
preferred enbodi nent and is not recited in appealed clains 1
and 14. In this regard, a claimis not limted to a preferred
enbodi ment described in the specification, especially where
the | anguage found in the claimis clear. Conmark

Communi cation, Inc. v. Harris Corp., 156 F.3d 1182, 1186-87,

48 USPQ2d 1001, 1005 (Fed. Cir. 1998); see also In re Van

Geuns, 988 F.2d 1181, 1184, 26 USPQ2d 1057, 1059 (Fed. G r
1993).

We now turn to the teachings of the applied prior art
references. To avoid repetition, we refer to our discussion
above concerning the teachi ngs of Larson.

12
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Wth respect to Scott, we initially note that the
application which matured into the Scott patent was filed on
Cctober 6, 1993, which is before the earliest effective filing
date of the present application. Also, the Scott patent nanes
M chael C. Scott, Carlos A Paz de Araujo, and Larry D
MacM |l an as joint inventors. By contrast, the present
application does not include MacMI|lan as a joint inventor but
instead lists nine additional inventors not naned in the Scott
patent. Thus, we determ ne that Scott is available as prior
art under 35 U S. C
8§ 102(e) (1999).

Scott teaches a nethod for naking a capacitor conprising:
(1) formng silicon dioxide 43 by thermal oxidation in a
furnace; (ii) sputter depositing a titaniumlayer 44, a
titaniumnitride |ayer 45, and a platinumlayer 46 to forma
substrate 47; (iii) using a BST precursor solution to forma
di el ectric BST |layer 48 having a thickness of about 140 nm
(1v) annealing the BST in an oxygen furnace at 750EC, and then
(v) depositing an electrode 49. (Fig. 7; colum 8, lines 21-

46.)

13
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Nei t her Larson nor Scott describes a step of annealing
the titaniumnitride barrier |layer under the condition recited
in appealed claim1l or 14 before depositing the platinum
| ayer. However, Ho teaches as foll ows:

Titaniumnitride (TiN) is used as a barrier
| ayer. However, TiN as sputtered suffers fromtwo
defects. First, TiN has a columar structure. |If a
transm ssion el ectron mcrograph were taken of the
TiN, the Ti N would appear as groups of colums or
grains. The gaps between the colums are referred
to as grain boundaries. G ain boundaries cause
problenms with barrier layers. The grain boundaries
forma path through which the netal can mgrate to
reach the underlying substrate. |1f the neta
m grates through the barrier |layer, spike formation
or netal diffusion into the substrate can occur.

Second, sputtering TiNitself causes a problem
A sinple overview of sputtering techniques wll
i ndi cate how t he probl em devel ops. A sputtering
chanber is conprised of the follow ng parts: a
substrate, a target, the sputtering chanber itself,
gases, and a power generator. The power generated
can be direct current (DC), radio frequency (RF),
etc. The generator ionizes the gas to forma
plasma. The plasma is directed toward the target.
In this case, reactive sputtering is utilized. The
nitrogen in the plasna reacts with the surface of a
titaniumtarget to forma thin layer of TiN In
addition, the plasma hits the target causing the Ti N
to be stripped away fromthe target. The Ti N coats
the substrate and the walls of the sputtering
chanber .

Sputtering has problens. |f the sputtering
occurs faster than the plasm reaction at the target
(converting the surface titaniumto TiN), sone
titaniumw Il be sputtered form[sic, fron] the
target before it si [sic, is] converted to TiN. The

14
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titaniumis incorporated into the sputtered film

Al so, the bonmbardnent of the plasma onto the target
can generate chem cal reactions. The plasnma can
strip the nitrogen and titanium atons from one
another with a TiN nolecule. Anytinme sputtering is
used to deposit the TiN barrier layer, both TiN and
titaniumw ||l be incorporated into the sputtered
film Wthin the sputtered TINfilm there will be
titaniumrich areas. Conpared to TiN, titaniumis
nore reactive with the substrate and etchants. The
titaniumis nore likely to form unwanted conpounds
(such as titaniumsilicide, TiA,; TiA S, etc.) or
to be etched away nore readily than the Ti N.

[ Underlining added; col. 1, |I. 54 to col. 2, |. 29.]

Further, Ho teaches that when a netal is sputtered on top
of
Ti N during the sane evacuation cycle, the integrity of the
barrier layer is “unacceptable,” causing “spike formation or
metal diffusion into the substrate.” (Colum 2, |lines 30-41.)

To avoi d these problens, Ho descri bes an “atnospheric
furnace” process in which a sputtered Ti N barrier |ayer is
anneal ed prior to subsequent netal deposition. (Colum 3,
lines 52-68.) Specifically, this “atnospheric furnace”
process applies to “any device where a TiN barrier wll be

used between a | ayer or layers of nmetal and underlying

15
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sem conductor.” (Columm 5, lines 26-29.) According to Ho,
this process involves annealing the TiN layer at a tenperature
range of 300EC to 650EC for greater than 80 m nutes. (Colum
6, lines 57-66.) It is inportant to note that Ho does not
pl ace any particular restriction on the thickness of the
barrier layer. The appellants acknow edge as nmuch. (Appeal
brief, page 9.) Thus, it follows that Ho's inproved process
applies to any typical prior art TiN barrier |ayer.

From these facts, we determ ne that one of ordinary skil

in the art would have found it prima facie obvious to nodify

t he processes described in either Larson or Scott by annealing
the Ti N barrier layer at 300EC to 650EC for greater than 80

m nutes using Ho's “atnospheric furnace” process, thus
arriving at a

met hod enconpassed by appealed clainms 1 or 14, with the
reasonabl e expectation of obtaining all of the advantages
described in Ho including the prevention of spike formation or
metal diffusion into the substrate. Any of the annealing
tenperatures described in Ho is enconpassed by appeal ed cl ai ns

1 or 14.

16
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The appel l ants argue that Ho teaches a fixed annealing
tenperature without regard to the thickness of the barrier
| ayer. (Appeal brief, page 9.) W are not persuaded by this
argunment. Waile the clains on appeal recite a naxi mum
anneal ing tenperature as a function of barrier |ayer
t hi ckness, they do not recite a simlar relationship for the
m ni mum anneal i ng tenperature. Nor do the appeal ed cl ains
recite any direct relationship between the actual annealing
tenperature and the barrier |ayer thickness. Mreover, the
appel lants do not really dispute the exam ner’s assertion that
barrier layer thickness is a result-effective variable in
anneal ing. (Appeal brief, page 11; exam ner’s answer, page
7.) W therefore determne that one of ordinary skill in the
art woul d have sel ected an anneal i ng tenperature and an
annealing tinme fromHo by taking into consideration the
t hi ckness of the barrier |ayer.

The appellants rely on the declaration of Dr. Araujo,
filed July 20, 1995, as evidence of unexpected results.

( Suppl enent al

17



Appeal No. 1998-1578
Appl i cation No. 08/543, 827

reply brief, pages 10-12.) However, we are unclear as to how
t he
evidence is even germane to appealed clains 1 and 14 as they
relate to the applied prior art. As we have di scussed above,
appealed clains 1 and 14 read on any annealing tenperature
bel ow the recited nmaxi num anneal tenperature (e.g., 300 to
650EC) .

Even assum ng that the evidence is germane to appeal ed
clains 1 and 14, the show ng of unexpected results nust be
commensurate in scope with the degree of patent protection

sought. Inre Dll, 604 F.2d 1356, 1361, 202 USPQ 805, 808

(CCPA 1979) (“The evidence presented to rebut a prinma facie
case of obviousness nmust be comrensurate in scope with the
claims to which it pertains.”). Here, appealed claim1l reads
on any netal nitride barrier layer. Further, both appeal ed
claims 1 and 14 read on a w de range of annealing
tenperatures, any first electrode, any dielectric |ayer, and
any second electrode. It is not clear on this record how the
evi dence, which appears to be limted to a BST filmformed on

a Pt/TiNTi/DPS/SiO/Si substrate at a Iimted nunber of

18
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anneal ing tenperatures, is even renotely comensurate in scope
with the clains.

Al so, the declarant refers to Figures 11 through 14, but
the quality of the photom crographs as found in the record are

so poor that no reasonabl e conclusion is possible.

In sunmary, we have reversed the ground of rejection
advanced on appeal by the exam ner. However, we have entered
new grounds of rejection of appealed clainms 1 and 14 pursuant
to 37 CFR § 1.196(b) (1997).

The decision of the examner is reversed.

Tine for taking action

Thi s deci sion contains a new ground of rejection pursuant
to 37 CFR § 1.196(b) (1997). 37 CFR § 1.196(b) provides that
“[a] new ground of rejection shall not be considered final for
the purposes of judicial review’

37 CFR 8 1.196(b) also provides that the appellants,

WTH N TWO MONTHS FROM THE DATE OF THE DECI SI ON, nust exerci se

one of the following two options with respect to the new
ground of rejection to avoid term nation of proceedings (37
CFR 8§ 1.197(c)) as to the rejected clai ns:

19
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(1) Submt an appropriate anendnent of the
claims so rejected or a showing of facts relating to
the clains so rejected, or both, and have the matter
reconsi dered by the exam ner, in which event the
application will be remanded to the exam ner.

(2) Request that the application be reheard

under 37 CFR 8 1.197(b) by the Board of Patent
Appeal s and Interferences upon the sane record.

No time period for taking any subsequent action in
connection with this appeal nmay be extended under 37 CFR
§ 1.136(a).

REVERSED
37 CFR § 1.196(b)

JOHN D. SM TH
Adm ni strative Patent Judge

N N N N N
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)
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